INTRODUCTION
In recent years, digital repositories have had a representative impact on their technological development due to exponential increase in the number of digital resources published. This growth of digital resources has led to the development of several strategies, namely: i) (in terms of technology) the development of distributed repositories, heterogeneous repositories and federations of repositories as central access points to each of them (McGreal, 2008) , ii) (in terms of VHPDQWLFV WKH XVH RI OLQNLQJ NQRZOHGJH FODVVL¿cation schemes by using ontologies and thesauri to provide a better understanding an organization RI GLJLWDO UHVRXUFHV DQG ¿QDOO\ LLL LQ WHUPV RI access) the strategies designed to offer metadata descriptions. This latter strategy turns out to be an essential condition in order to search results within a digital repository (Cechinel, Sánchez-Alonso, & Sicilia, 2009 ).
The assessing of visual interface that we presents, is part of our proposal research in progress, about how through visualization techniques, we aim to help creators on digital repositories to provide better services for users to: i) locate materials of a precise manner and effective form through an extensive collection of digital resources, ii) locate materials according to a thematic structure or NQRZOHGJH DUHD DQG ¿QDOO\ LLL LGHQWLI\ HIIHFWLYH interfaces to performing browsing and searching processes over digital resources.
This paper presents a preliminary study for assessing the effectiveness of eight different interface designs, for help users to search digital resource according to a knowledge area. Each interface included a set of terms based on the same hierarchical representation structure of Art and Architecture Thesaurus (AAT), to carry out a VHDUFK RI D VSHFL¿F ZRUG LQ WKH NQRZOHGJH DUHD RI "styles and periods". revisión Tecnura Vol. 18 No. 42 octubre -diciembre de 2014
PREVIOUS EFFORT IN THE FIELD
To perform a search process, repositories provide accessing alternatives, some of them visual, through the use of user interfaces. However, previous research found that these interfaces do not PHHW DOO WKH QHHGV RI XVHUV 7HQRSLU 8V-HUV WKURXJK LQWHUIDFHV KDYH GLI¿FXOW\ ¿QGLQJ UHsources (Khoo, Kusunoki, & MacDonald, 2012) , and the resources discovered are not always relevant to search (Nash, 2005) . Navigation problems appear when returning to previously accessed registries (Jeng, 2005) . Also limitations to combine navigation and search methods (Hartson, Shivakumar, & Pérez-Quinones, 2004 ) do not allow deploying (at a glance) the materials available in the UHSRVLWRU\ E\ WKHPDWLF FODVVL¿FDWLRQ +LWFKFRFN HW DO 7VDNRQDV 3DSDWKHRGRURX 7KHUHIRUH LW LV GLI¿FXOW WR HVWDEOLVK ZKHWKHU LW LV worth looking for materials on the repository, or if it more convenient to use other external search strategies. On the other hand, the most representative learning objects repositories in Europe provide, at least, a visual representation scheme to search digital resources. For example: i) Merlot (Merlot, 2012) , by textual categories and textual search, ii) MACE (Stefaner et al., 2007) (Stefaner et al., 2007) proposes several alternatives of visual search (semantic, social and contextual) for accessing digital resources in the area of "design DQG DUFKLWHFWXUH´ WKURXJK FODVVL¿FDWLRQ VWUDWH-gies involving: keywords, location, competition, social area and facets (Stefaner & Muller, 2007) . These studies focused on perspectives that use various navigation routes together with social labeling. The result of this study suggest that; ¿UVWO\ WKH SULQFLSOHV RI QDYLJDWLRQ ZLWK PXOWLSOH facets facilitates immersion processes through activities of collaborative tagging (Stefaner et al., DQG VHFRQGO\ WKDW WKH GH¿QLWLRQ RI PHWDdata is essential for improving search processes through contextual-search strategies.
Several authors agree (Aula & Käki, 2005 ; But-WHQ¿HOG +DUJLWWDL +HDUVW that one of the fundamental principles for building search interfaces focus on the simplicity of them. For that reason, it is very important to analyze the interface from the point of view of the users, which is the main aim of HCI, in order to maximize user satisfaction. Therefore, usability VWUDWHJLHV ZLWKLQ WKH +&, ¿HOG DUH DQ LPSRUWDQW factor in the development and evolution of the interfaces found in both libraries and digital reposi-WRULHV %XWWHQ¿HOG )R[ HW DO : KLWH & Roth, 2009 ). Other studies (G. Marchionini, :KLWH 5RWK VSHFL¿FDOO\ IRFXVHG on strategies for searching and browsing capabilities to locate digital resources on this type of interfaces, demonstrated that conventional search DQG H[SORUDWLRQ VWUDWHJLHV DUH QRW VXI¿FLHQWO\ UREXVW QRU ÀH[LEOH WR IDFLOLWDWH ORFDWLQJ DQG DFcessing a collection of digital resources. In terms RI HI¿FLHQF\ WKH UHVXOWV RI WKRVH VWXGLHV GHPRQstrate that visual interfaces often lead to an underutilization of metadata information far below the full semantic potential, even though these visual LQWHUIDFHV DUH NH\ WR HQULFK WKH SURFHVV RI ¿QG-LQJ GLJLWDO UHVRXUFHV LQ D VSHFL¿F NQRZOHGJH DUHD (Cechinel et al., 2009; Fernández, 2001) .
METHODOLOGY
To perform this analysis, we took as a case study a collection of more than 42,800 Europeana revisión GLJLWDO UHVRXUFHV FODVVL¿HG DFFRUGLQJ WR D EUDQFK of knowledge domain by AAT. Europeana is a virtual European library aimed to collect and make available the largest possible amount of Europe's cultural resources in digital form. On the other hand, AAT is a macrothesaurus developed by the Getty Foundation (Soergel, 1995) . Its coverage area is art, architecture and materials related to WKH FXOWXUDO ZRUOG DQG VSHFL¿FDOO\ WR WKH (XURpean cultural heritage.
7KH WD[RQRPLF FODVVL¿FDWLRQ DURXQG WKH NQRZOedge area of "styles and periods", allowed us to identify the set of terms in order to visualize the navigation structure of each interface. Eight search interfaces were developed based on information visualization techniques. Thus, through Human Machine Interaction strategies (HCI) based on Marchionini and Nielsen (Gary Marchionini, 2008; Nielsen, 1994a ) the navigation structure was assessed at effectiveness levels in order to determine which of the visualization techniques provided better interaction capabilities for locating digital resources according to the topics of each term selected. This work was carried out in the three phases, as illustrated in ¿JXUH heritage present in Europeana. Subsequently, a process was conducted to extract certain amount of digital resources within Europeana. Such exploration was carried out according to the AAT (Gaona, Sanchez-Alonso, & Fermoso, 2012) . 7KLV SURFHVV DOORZHG XV WR GH¿QH WKH FODVVL¿FDtion of Europeana digital resources, and also to GH¿QH D VWUDWHJ\ IRU ¿QGLQJ GLJLWDO UHVRXUFHV LQ D KLHUDUFKLFDO IDVKLRQ E\ GHVLJQLQJ D FODVVL¿FDWLRQ VWUXFWXUH LQ WHUPV RI WKHPDWLF DUHDV GH¿QHG E\ AAT.
DEVELOPMENT OF INTERFACES
For our experiments we have taken interfaces that are publicly available, and technically we have adapted them so that they could adequately represent the part of the taxonomy that we were interested in. In order to this, all the interfaces were developed on an Open-Source-API based on means of the Infovis (Fekete, 2004) project and also by adapting an open-source graphical interface called Relation Browser (Stefaner, 2009 ). This was achieved by using ActionScript to evaluate the hierarchical structure of XML-formatbased data. In the following section we analyze with more in details the type of interfaces used for our study.
Types of visualization interfaces
,Q RUGHU WR GHYHORS LQWHUIDFHV ZH LGHQWL¿HG HLJKW visualization strategies, represented through graphical visualization techniques (Herman, Melancon, & Marshall, 2000) . Each interface was loaded with the same taxonomic structure of the terms, related to the topic of "styles and periods" in the AAT thesaurus, and also with the number of digital resources explored in Europeana. By clicking on a node or link, a representation of a term in the thesaurus is obtained. Users can YLHZ WKH WHUP ¶V FODVVL¿FDWLRQ DQG WKH QXPEHU RI digital resources associated with each term. (Herman, et al., 2000) .
Ɣ Radial interface. A visualization technique that allows the central location of nodes to be consulted (Eades, 1990) .
Ɣ Radial-Search interface: This technique presents additional components at graphical level; in particular, it lays nodes with different sizes according to the number of digital resources associated with the term.
Ɣ Relation interface: It is a radial visualization technique, which only permits seeing the terms related to the level of hierarchy consulted through its navigation structure. Thus hiding the terms related to levels above or below the current category.
Ɣ Sunburst interface: It works around both focuses and context techniques such as inte-raction strategies, through zooming and panning in an elliptical manner (Stasko, Catrambone, Guzdial, & McDonald, 2000) .
Ɣ Hypertree interface: This hyperbolic-structured technique (Lamping & Rao, 1996) allows selection of nodes by using zooming and panning techniques.
Ɣ Treemaps Interface: It is a visualization technique that displays all the hierarchical structure of all available spaces on screen by using rectangular slices (Shneiderman &Johnson, 1991) .
Ɣ Icicle interface: It is a visualization technique that facilitates the representation of terms XVLQJ D KLHUDUFKLFDO FOXVWHULQJ 1RLN
With the purpose of applying these techniques, next section we explain principles and methods through HCI to implement our visual search interfaces. 
Principles of HCI implemented in interfaces
For the development of the search interfaces, some principles of HCI were also considered to facilitate the process of browsing and interaction with users. At exploration level, various browsing methods were implemented. According to Marchionini (G. Marchionini, 1997) , these methods DOORZ WKH GH¿QLWLRQ RI VWUDWHJLHV LQ RUGHU WR VHDUFK information, and according to Lin (Lin, Soergel, & Marchionini, 1991) , these methods facilitate the visualization of large amounts of information so that the user can perceive either structures or relationships or both. At interaction level, zooming strategies were determined to increase or decrease the map's navigation and panning and so making it possible to explore the entire term structure to be searched. Through the zoom strategy, focus and context techniques (Lamping, Rao, & Pirolli, 1995) were also applied. Strategies that facilitate the focus node to be visually highlighted were used; these strategies also blur the other nodes associated with other levels of lower-interest hierarchy.
At navigation level, information was determined to be deployed through maps of categories according to the taxonomic structure. This facilitates browsing the semantic content activity regarding a particular knowledge domain (Card, Mackinlay, & Shneiderman, 1999) by means of the collection of terms offered by the AAT thesaurus. This interaction would allow users to have a better sense of location for the terms to be searched.
Results of the usability tests
According to the objectives of the analysis and DOVR WR WKH UHFRPPHQGDWLRQV GH¿QHG IRU VWXGLHV LQ WKH ¿HOG 1LHOVHQ E SDUWLFLSDQWV ZHUH selected for the tests. All participants were middle-aged, good levels of study, with a good level RI (QJOLVK DQG WKH\ ZHUH DOVR ÀXHQW DW KDQGOLQJ web applications at the user level. Instead, care-ful consideration was given to their knowledge of search methods and interfaces, which along with the other aforementioned data were collected in a questionnaire. This section presents the evaluation results obtained from the tests performed at interaction level.
Interaction test results
Depending on the number of interfaces, distribution was performed according to the number of user interfaces to cover every aspect of a reliability assessment (Nielsen, 1994b) . Given the purpose to recognize each interface, a process of recognition was performing in a learning test. This test consisted in select one search interface LQ RUGHU WR LQWHUDFW ZLWK VWUXFWXUH FODVVL¿FDWLRQ and forms to visualize information in the interface. One expert in usability assigned randomly an interface for each participant (different to the interface selected by participant when make the learning test) to locate another set of terms and perform the same activity (search a set of term and identify the number of resources and taxo-QRPLF FODVVL¿FDWLRQ RI HDFK WHUP )LJXUH VKRZV WKH UHVXOWV IURP D VXEMHFWLYH DVsessment of users with respect to the properties of the interaction level associated with navigability, FODVVL¿FDWLRQ and ease of use. )LJXUH VKRZV WKH HYDOXDWLRQ UHVXOWV RI WKH WKUHH DVSHFWV RI XVDELOLW\ QDYLJDWLRQ FODVVL¿FDWLRQ DQG ease of use) according to users' experience with each interface, where 1 is the lowest and 5 the KLJKHVW UDWLQJ 7KLV SURFHVV LGHQWL¿HG icicle, radial-search and tree as better interfaces (than the others) in a subjective opinion of users, evaluated based on three aspects of interaction.
4GUWNVU CEEQTFKPI KPVGTHCEG ENCUUKſECVKQP
After all the individual aspects reported in the previous sections, we wanted to have a look at the overall assessment. This analysis of aggregated results according to the four visualization VWUDWHJLHV GH¿QHG LQ WKH VWXG\ SURFHVV LV VKRZQ LQ ¿JXUH term, by defocusing the rest of categories within the interface at graphical level and thereby generating loss of visibility of other categories. Another common problem with these type of interfaces was the form that interfaces were visually represented the terms in the navigation structure, that is, in a not very clear way (very often overlapping some terms), when the category of the term was selected. This resulted in losing all visibility of terms that were presented within the same hierarchy level of taxonomy with a large number of terms.
The icicle interface achieved better focus (attention) through the evaluation process, presented some of the best results (close to the radial-search interface). This interface allowed gradually, the visual representation of hierarchic system-level navigation. On the other hand, at visual level, like radial-search interface, icicle interface easy DOORZHG WKH LGHQWL¿FDWLRQ RI GLJLWDO UHVRXUFHV DFcording to the proportion of each node queried in the navigation structure.
Descriptive statistical test results
We performed a descriptive statistical analysis of usability relevance according to others attributes of usability. Table 1 summarizes the results of means and Standard Deviation (SD) for all inter-IDFHV DFFRUGLQJ WR XVHU SUR¿OH ZLWK KLJK OHYHOV RI relevance. Table 1 presents the results according to user pro-¿OH 7KH FRPSDULVRQ EHWZHHQ SUR¿OHV GHPRQVWUDWed that participants with more active preference for the tree LQWHUIDFH DUH UHVHDUFKHUV PHDQ SD = 0.70) and masters' students (mean = 4.20 SD = 0.85). Interface icicle was the interface with a better satisfaction between secondary education VWXGHQWV PHDQ 6' DQG XQLYHUVLW\ students (mean = 4.00 SD = 0.78). On the other hand, radial-search was the interface with more Figure 4 presents a high average rating for radialtype interfaces, interfaces that during the process of evaluation performed well in terms of interaction regarding the three aspects of usability. The results presented for the hyperbolic type of interfaces are showed low valoration values. One of WKH PDLQ SUREOHPV WKDW ZHUH LGHQWL¿HG ZLWK WKHVH types of interfaces was the loss of focus that the interface exhibited when users were selecting a revisión satisfaction for university students (mean = 4.50 SD = 0.65) and secondary education students PHDQ 6'
In table 2 we summarize the results of all interfaces with regards to others evaluation criteria that users made in usability test. and radial-search) . In order to facilitate the search process of large data structures, the most noteworthy interfaces that presented a good usability through hierarchical depth, were icicle, tree and radial. However radial interface, cannot visualize a good FODVVL¿FDWLRQ, because the method of displaying digital resources is still quite limited for the user at graphical level.
CONCLUSIONS
2QH RI WKH DGYDQWDJHV WR EH UHÀHFWHG LQ WKH YLVXalization techniques evaluated is that these techniques present a general overview of contents of the whole collection of digital resources. This means that users are able to continue the search process, and deepen on those branches or levels of hierarchy, with the possibility of displaying a greater or lesser number of digital resources. Therefore, this type of search strategies could be a key factor to integrate these types of visualiza-WLRQ WHFKQLTXHV DFFRUGLQJ WR XVHU SUR¿OHV ZKLFK is focused the repository, in order to increase the use of learning objects repositories, and improve WUDI¿F WKHUHRI
Although a search process through information visualization improve the access of digital resources trough graphical and taxonomic representation schemes, it is clear that displaying all the information about each of the nodes represents a serious problem of usability. The unfolding of all levels of a taxonomic hierarchy structure, UHTXLUHV WKH GH¿QLWLRQ RI D VXLWDEOH WHFKQLFDOO\ tiered deployment, which allows users to obtain a hierarchical view of the thematic structure.
In performing with a preliminary study of usability according to all visualization strategies, participants had a greater preference for the evalu-ation of activities related with knowledge areas represented by a number of digital resources over aspects associated with exploration or interaction aspects. For example, one of the visual phenom-HQD ZKLFK DUH UHÀHFWHG WKURXJKRXW WKH VWXG\ ZDV that the interfaces who presented proportionally different types of sizes in their nodes, allowed capturing greater attention by participants in order to identify terms with greater or lesser number of resources. These criteria it allows them to make decisions about improving the access to a collection of digital resources. Through our experiments we can remark that i) radial type interfaces aesthetically represent a good alternative for the user, however are not effective in the process of exploration, ii) ease of use of a graphical interface depends on the interaction of the hier-DUFKLF VWUXFWXUH RI QDYLJDWLRQ DQG ¿QDOO\ LLL WKH greater visual components of support, greater the level of acceptance of interfaces. For example, additional mechanisms for textual searches using AJAX methods, through visual links or path navigations to determine hierarchy level that users are searching to advance or go back in the exploration process.
On other hand, tree interface showed good results in the evaluation of its navigability-level as well DV LQ FODVVL¿FDWLRQ DFFRUGLQJ WR WKHLU VXEMHFW LP-SUHVVLRQ 7KHVH UHVXOWV DUH UHÀHFWHG LQ WKH HDVH RI use associated with the interaction level and the location of resources. For this reason, it is often mentioned as the favourite interface, possibly because most people are used to using folder trees in the interfaces of computer operating systems. In addition to this, these interfaces mark a navigation path that leads the participant to clearly understand a certain level of the navigation structure.
Future work will attempt to include a complete study of usability and more elements into the search results, such as relevant digital resources evaluated by users in a framework. Some work is already in progress in this direction. The results of this usability test, will provide us a guide to revisión perform an integration for the best visualization techniques (selected from the results of this research), for the development of a visual search framework. The framework will permit an integration of the assessment criteria through ratings in the digital resources by a user community. These criteria of evaluation might constitute a key factor to improve search results through a mechanism that would allow the deployment of relevant digital resources. The analysis through social "likes" criteria, could be a key factor to explore whether search results of digital resources rated with this criteria is regarded as really good, or relevant, by the repository. And, therefore, if it could become a system of digital resources recommendation within the users community.
